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Observing Cloud ad

Precipitation processes from space

Multiple small radars in LEO on the same orbital plane, spaced ‘
by a few minutes offer unprecedented global view of the
evolution of storms at the temporal scales important to global

forecasting models.
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Inquiries for the
feasibility of multiple
cloud & precipitation
radars in LEO were
formulated during the
development of TRMM
and CloudSat (late 90's
and early 00's).

Instrument and bus unit
costs, and launch costs,
didn’t enable a realistic

path to even propose

such mission

architectures...

until the CubeSat
(Nano, Micro, Small, ...)
revolution.

First challenge was

| posed with 1U and 3U

298.84 n

(no-go). Then the 6U

became an option...




Radar Electronics & Antenna Regs. (4U)

Req’t Name

Sensitivity @400km 20dBz 11.0dBZ
Horizontal resolution @400km 10km 7.9 km
Nadir Data Window 0-18 km -3t0 20 km
Vertical resolution 250m 250m
Downlink data rate (in transmit) 50 kbps 49.57 kbps

Payload power consumption

10/8/15/35 5/3/10/22

(AntDeployment/STDBY/RXOnly/TXScience) W W

Mass 6 kg 5.5 kg
Range sidelobe suppression >60dB @ 5km >65dB @ 1km
Transmit power & Transmit loss 10W /1.1dB >39dBm
Antenna gain 42 dB 42.6 dB
Antenna beamwidth 1.2 deg 1.13 deg

Xmit pulse power average

System Architecture

Deployable
UHF Antenna
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Deployable Solar Arrays

Bus Regs. (2U)

* Provide 35 W for payload
power in transmit mode

« Maintain a 25% radar duty
cycle

/ + 12.1 Gb/week of payload data
« Maintain payload

[ temperatures (-5C to +50C
operational)

 GPS provides on-board

altitude to radar

\ S-Band Patch Antenna &
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Transmitter

Deployable
~ 0.5 m KaRPDA

Radar Antenna

Far sidelobes below -60dB for clutter-free detection
in all conditions throughout the troposphere



RainCube Flight Model ,
Radar in a Cubesat 4 RainCube

Concept

minikas ;
+ KaRPDA U



How small is RainCube. . .

__-E_

Mass [Kg]

Power [W] 300 344 22
Volume [U] 4,356 1,210 4
Class C C Tech demo
Frequency W-band Ka-band Ka-band
Scanning No Yes No

Sensitivity -30 dBZ +17 dBZ +12 dBZ



Timeline from TRLO to TRL 7

July 28
Antenna
deployment

Aug 27
First rain

Aug5

First echo

153
July 13
1SS

deployment
1

120 140 160

Along track distance [km]



Set Propulsion tanoratory. RainCube Tx Operation #23 - August 27 , 2018 — 20:14 UTC &

First successful operation in Nadir Pointing & first detection of rain over the Sierra Madre Oriental, near Monterrey, Mexico.

e AR
» Animated in presentation mode — click once to see still image at time of overpass
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RainCube — September 28, 2018

CloudSat-DEM based on NASA-DEM

data(S20180928071011-E20180928073009) Jti6

GPM o9 reference
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2018/9/28 @ 7:18:28 --> 2018/9/28 @ 7:30:10

Structure of Typhoon TRAMI

Shortly after it had weakened from Cat 5
to Cat 2. The SW-NE cross section shows
very little convective activity along the
eyewall (mostly located in the SE sector

at that time).

Mid-Latitude system with deep

convection
The complex structure of this frontal

system propagating NW from Japan
includes deep convective towers reaching
almost 9 km and sharp gradients of the
zero isotherm height.
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RainCube and TEMPEST-D observe Typhoon Trami on Sept. 28, 2018

RainCube
6U Ka-band
(35.7GHz) nadir
pointing radar

~5 min apart

Tempest-D

6U multi-channel

v

Novel ultra compact architecture,

high performance pulse
compression

v

microwave
radiometer

v

Novel ultra compact
architecture, high quality
calibration

v

RainCube
ground track

1D Horizontal structure,
250 m vertical resolution

2D Horizontal structure,

4 vertical levels

Extent of penetration of ice generated
by convection in upper troposphere

|
Melting Layer : ~4.8 km altitude ouside
of TRAMI, raised inside the Typhoon
|
Intensity of precipitation in the
eyewall and rainbands
|
Strong echo from ocean surface
does not contaminate
precipitation echo




RainCube and TEMPEST-D observe Typhoon Trami on Sept. 28, 2018

RainCube _ Tempest-D
6U Ka-band ~> min apart 6U multi-channel
Geostationary Visible image (35'_7C?HZ) nadir microwave
| pointing radar radiometer
/ Typhoon
TRAMI | v ' v
| Novel ultra compact architecture, : Novel ultra compact
high performance pulse architecture, high quality
compression calibration
RainCube | 1D Horizontal structure, 2D Horizontal structure,
BlguncTiC ‘ B 250 m vertical resolution 4 vertical levels

ITC BAND 03

30

Credit to Shannon Brown 12 s
(TEMPEST-D) for the 3D-animation



Science Operations Planning

Need to automate the planning of events in a prioritized way

* Constraints
*  Maximum of 6 20 minute Radar Acquisitions per day
* Imposed by spacecraft power system
* No operations on consecutive orbits
* Imposed by spacecraft power system
* No operations in umbra
e Preferred because of higher occurrence of
reboots in umbra
* Priorities
* Forecasted presence of precipitation
 CONUS —for NEXRAD
e GPM —for DPR
e Storms of interest

Parse images & define
precipitation mask
every 6 hrs

L2A Validation — GPM & NEXRAD

Initialization
9L(J)'Z\ICLASSLIFIED : —
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1000, H T S H
N . e —— I

T+6 hr
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ION four: T T

e
gUS‘\BO 150W

VT: Thu 18Z 13 DEC 18
FNMDC NAVGEM (U): SLP[hPa]/540,528 thk 564,562 thk Line/Prex
Run: 20181213122 Tau: &

Calculate local probability

of precipitation along the
predicted orbit of
RainCube

Prioritize close approaches
with GPM and passes over
GPM GV sites
(CONUS, Japan, Australia)



Validation
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Surface
reflectivity
(1/2) Horn of
Africa/Red Sea

High-
resolution
DEM from
CloudSat

GPM
surface
reflectivity
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radar-G001694-S20180921145053-E20180921145531
6 2018/9/21 @ 14:50:51 --> 2018/9/21 @ 14:55:28
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lat [deg]

Granule G0O01728: Memphis, TN; Little Rock, AR
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Validation

Distance station
to RainCube
footprint (color
= distance)

RainCube L2A curtain
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Little Rock, AR
@ 00:58:25
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Granule G 001728: Memphis, TN; Little Rock, AR
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L2A Validation - NEXRAD

2018-09-23 00:54:01
RainCube L2A curtain o
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20 Q Rainshower
8 O First order assessment of features and calibration is reasonable:
10 N NEXRAD is S-band, different geometry, ~2 minute difference in time.
Bright band features at the melting layer
Q Current extractor captures also NEXRAD Voxels that are displaced
from RainCube, the brightest spots were not within RainCube
40 g footprint. Visualization tool being refined.
©
30 = Frozen hydriometeors above the melting Layer
55 & Not visible in RainCube because below the sensitivity.
)
Z
10 N

Warm Rain cell
Not visible in NEXRAD because entirely under the lowest elevation

beam.



L2A Validation - GPM

W E D N ES D AY Tentative case with GPM over the North GPM pass @ 20181212 224028 UTC #02

)
Pacific : GPM @ 2240Z, RC @ 22447Z. \Y; RainCube predicted
Dec 1 2 High probability of precipitation, out of range - J ground track
of ground validation. o :
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Data Distribution

TCIS portal will host RainCube data

n[\%‘ Jet Propulsion Laboratory JPL HOME | EARTH | SOLAR SYSTEM | STARS & GALAXIES | SCIENCE & TECHNOLOGY
: California Institute of Technology _

&« C @ @ & https://tcis.jpl.nasa.gov/d: v O v Search v IN D =

TROPICAL CYCLONE INFORMATION SYSTEM

N% Jet Propulsion Laboratory  JPLHOME |[EARTH | SOLAR SYSTEM | STARS & GALAXIES | SCIENGE & TECHNOLOGY
S California Institute of Technology e

BRINGTHEUNIVERSETOYOU: B F B B

Welcome to

DELUE | TROPICAL CYCLONE INFORMATION SYSTEM

The JPL Tropica

. (TCIS) was de
research. It has
archive of muilti-g
and, what was
supported the 20
Intensification Prol Here you will find data files from the JPL Tropical Cyclone Inform
campaign. Togeth@ campaign portals. For additional information, please visit https://t 3 .

Supertyphoon Pongsona struck the U.S. Island of Guam on Sunday, December 8, 2002. The composite image the near-real time A Jet PrOPUISI()n Laboratory

(left) of the supertyphoon was made by overlaying data from the infrared, microwave, and visible/near-infrared  US€d to study hi < ¢ California Institute of TeChnOIOgy
sensors that make up the AIRS sounding system. This storm can also be seen with the standard AIRS Vis/NIR improve models.

TCIS Data Repository c ® & https://tcis.jpl.nasa.gov e O W Search Y IN @D = =

(ran- algorithms and
Below you will fing JPL HOME | EARTH | SOLAR SYSTEM | STARS & GALAXIES | SCIENCE & TECHNOLOGY
you can view diffe TROPICAL CYCLONE INFORMATIONSYSTEM
Name Last modified Ss3
a Parent Directory
Site Manager: Svetia M Hristova-Veleva p— @ camp2ex/ 2018-06-01 07:10 -
- e p— @ cpex/ 2018-06-12 20:42 | Data from the RainCube Mission

Th e TFO p | Ca I CYC I 0 n e I nfO rm at | 0 n SYSte m 63 pResi 2017-09-11 12:37 1 For additional information, please visit https://www.jpl.nasa.gov/cubesat/missions/raincube.php.

. . = 2018-06-27 20:04 1
will host RainCube data. (

e s/
@ raincube/
Huge thank you to PI : Svetla Hristova-Veleva, Site
.. . [?..3 TC Data Archive/ 2018-06-29 10:02 1 . . L
Administrator Quoc Vu, and Data Manager Brian Name Last modified size Description

2018-12-19 11:10 1

2017-10-18 09:51 .

KnOSP) Site Manager: Svetla M Hristova-Veleva PRIVAC 3 Parent Director -

63 images/ 2018-12-19 09:55 -
E:i Lo/ 2018-12-19 10:47 -
[:—.:3 2018-12-19

Tested posting data and accessing through url. 2018-12-19
L2 Data will be made public when QC is satisfactory.

No plan to open LO and L1 data to the public.

L2A-GEOPROF/

E:i L2B-RAINCOLUMN/ 2018-12-19

Site Manager: Svetla M Hristova-Veleva Webmaster: Quoc Vu (JPL Clearance: CL#08-3490)



What’s next ?

To target the 5
original science ry

=

need, -
20

we need to deploy 0 *® szki:m
more than one...
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Time difference Ze measurements more directly relate to time change of condensed mass (M)
than does Z relate to M (a) Ze-M relationship above 5.9km from simulations of a tropical storm by
a CRM with four different versions of microphysical schemes. (b) The Ze-M relation where the
coefficients are regionally tuned to M retrieved by GPM product for a 5-day period (4—8 August
2015). The difference between (a) and (b) illustrates the anticipated effect of including GPM-

See also:

based a priori data to constrain the Ze-M relationships. (c) The AZe-dInM/dt relationship above
5.2km derived from the CRMDB applied to multiple cloud physical schemes.

1. Haddad, Z.5., O.0. Sy, S. Hristova-Veleva, G.L. Stephens; Derived Observations from Frequently-Sampled

Microwave Measurements of Precipitation. Part I: Relations to Atmospheric Thermodynamics. |IEEE
Trans. Geosci. Rem. Sens. vol. 55, pp. 2898-2912, 2017

Sy, 0.0.; Haddad, Z.S.; Stephens, G.L.; Hristova-Veleva, S.; Derived Observations from Frequently-

Sampled Microwave Measurements of Precipitation. Part II: Sensitivity to Atmospheric Variables and

Instrument Parameters. |IEEE Trans. Geosci. Rem. Sens. vol., pp. 1-13. 2017



* Constellation of RainCube’s “as is” What’s next ?

* Analyze the current dataset to demonstrate the potential and the limitations of the current system in addressing specific science

qguestions. B o1 e 06
. . Proceedings: IEEE
C O n S te I I a tl O n W I th a D TR A[N The Dynamical Tram Investlgatlon Per Instrument Characteristics A S
. Dgra;]n x:/y\ll ob;ewle the ﬂrapl{dﬁe voluti rnln 'of ratdar reflectit wtz proﬁlzs d|n stlum1sl rle\?te ‘tlwm&s ffst:rerlwcted . Maszﬂ'ametefs Cument Bost ES(":‘: ;ekg SI’I’I ’lll S’l te]lites
larger/scanning antenna e e e
- To address a larger set of science ~
questions ‘ :

- Development of technologies and
of mission concepts is ongoing

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Constellation with other
Radars and Radiometers:

i subject 10 the fosicion on’

- A study team in the Earth Science Decadal Survey 2017 will conS|der RalnCube like Ka-band esTo and programs
constellations for measurements of convection and precipitation _mm
— Higher frequency versions of RainCube for cloud and water vapor observations Antenna size [m]
Sensitivity [dBZ] 15 5-10 0-5
. . Hor Resolution [km] 8 4 2
Planetary applications Range Res [m] o=

- An evolution of this instrument could support altimetry and Beams 1

1-3 1-5
cloud and precipitation on planetary targets

RF Power [W] 10 10-20 10-40



Multi-Application SmallSat Tri-band Radar (MASTR)

Proposed RalnCube Architecture
. . Anti _—
miniKaAR e @
back end
reduce # of parts

Airborne Prototype
airMASTR

ESTO IIP —2017/19 — PI: M. Sanchez-Barbetty

Planned first flight :
Nov 2019

I Digital Up/Down conversion All radar
assembly electronics: 2U

Reflector (3CPR
EM)
3CPR > v >
antenna scheme - =T ) NASA DC-8 Pressure box

scanning (same position as APR-3)

Agile
Phased Array Feed
(30x4 x20cm)

Low Bandwdith Mode: high sensitivity (Clouds and Precipitation, Scatterometry)
High Bandwdith Mode: high range res (Altimetry, Snow Depth, Sea Ice freeboard)

Antenna Size

_______________

Ku Scatterometer
R it ~ RapidScat

Normal S-ca;t 3 Ka Scatterometer
NESZ = -30 dB

Swath (A)

Normal Scatt

Swath (C) a0 0momans
D&E
A Altimeter Mode (over ice sheets, shelves and glaciers) || DPCA Pair, 25 km Swath
Ka Scatterometer, provides 2" Ku : 1 beam, NESZ: -15 dB, Ka Precip MDZ: 0 dBZ above 400 m asl,
look angle inside the 500 km : 7 beam (fill the Ku footprint), NESZ: -15 dB, Doppler Acc. 0.2 m/s above +10 dBZ
“Dual swath” with C Cloud & Precip Mode (elsewhere): Cloud MDZ: -10 dBZ above 600 m asl
Ku : 33 beams, 85 km swath Doppler Acc.: 0.1 m/s
. MDZ: +10 dBZ, above 400 m asl above 0 dBZ & 600 m as|

Precip “wide survey” : 33 beams, 25 km swath, " .
MDZ: 0 dBZ MDZ: -25 dBZ @ nadir above 400 m asl Uit | s e BT @ et
1000 km swath (short pulse) over a 1 min baseline
Global mapping of -10 dBZ off nadir above 600 m as|

precipitation occurrence, (chirp pulse) Swaths
atmospheric correction for Precip Mode (always): Ku Ka A

scatterometric measurements | Ka : 45 beams, 85 km swath, MDZ: -5 dBZ

What’s next ?



You can now follow RainCube on NASA’s Eyes

“Quik:

|~ DESTINATION 4 DATE + TIME 4 YOUR SPEED + RATE 4 VISUAL CONTROLS

. it L) SEP 15,2018  muwmwm 54,255 MIHR | REAL @ | rﬁﬁ =) |
RAINCUBE 10:05:37.5 AM bl 1.00 SEC(SVSEC [E N =]

RRAMA i I | FRee Fuy [| - EOGE - RES



https://go.nasa.gov/2PGdBus

ropulsion Laboratory
nig Institute of Technology
-,
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February, 2017




